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I (54) Title: METHOD FOR INHIBmNG C^JUN EXPRESSION USING JAK-3 INHIBITORS 
(57) Abstract 



The invention provides the use of a compound 
I ihtt tohHto the activity of Janus ftml^ Idnase 3 
(IAK-3X or phafmnoeuticany nocqptdilesalt theteof, 
for the manutaetne of a medicament for faihibidng 
activation in aoHnmaiiatt or aviia cdls. 
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METHOD FOR INHIBrnNG OJUN EXPRESSION 
USING JAK-3 INHIBITORS 

5 , 

The piotooncogene <>/u« is the ceUular cow^ 
onoogeneofaviansaicomayiiusl?. Cywi expression is activated in response to 
a diveise set of DNA-damaging agents including ara-C, UV radiation. 
10 topoi8(mienTOnhihiTrit0i8.allqrUtfing agents, 

immediate eariy tesponse gene that is rapidly induced by pleiotropic sigoals. 
<N/im may have important regulatory fimctions for ceU cycle progressioii. 
proliferation, and survival See Ryder; iULau.L.F, and Nathans. D. "A gene 
activated by growth feclors is related to the oncogene v-jun.- 

1 5 VSA. 85: 1487-1491, 1988; Schutte, ViaUet. J, Nau. NL. Segal. S, Fedoiko, 
and Minna, J. >«-B inhibits and o/as stimulates dM5 transfonnh^ 

I^BUWWtivating activities of c-^n, C^^ 

Adamkiewicz. J. Bmta, J. B, and MueUer. R. "A fos protein containing the 
Junleaciiiezipper&m«mhomodimerwhichbind8to&eAP-lbind^ 

wgntationminammatocdlsby«equence.«pe^ 
5aew». 2^5; 371-378, 1989; BolmMmi. Bos. T. J, AdTO 
R^ Vogt. P. and TSian. R. •Waman pr«»^^ 
binding|m>tdnwmstnictnialandfiinctionalp«v^ 
25 AP-l,- Sclenoe.238: 1386-1392, 1988; KhaAanda, S. M.. Shemian. M. U and 
Knfe.D.W.Ttenscriptionaliegulationofc:M ^expression by 
- arabmofiiranosykjytosineinhuman^^ 
1517-1523. 1990; Rosette, C. and Kaiin. M. nJHraviolet fi^ and osmotic 
rtress: acthration of the JNK cascade through multiple growth fecto^ 

30 qioldiicieoe|itoi8,-&rf^ 

fwnf ^ H , Kidk D. "Activation of the c-Jm protooncogene in human 

«Jhi HMted wifli ctopodde,'' MoiecularPhamaoology. 39: 
«7.701. 1991; Doich, I. and Kaina, B. 
juia>iiiRNAaadAF4lyaIM«ii^^^ 
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for the DNA repair protein 06-meliiylguaiune-DNA methyltransferase (MGMT) 
and its relationship to ceU death, mutation induction and chromosonud 
instability." Oncogene. 13: 1927-35, 1996; Chae, H. P., Jarvis. L. J., and Uckun, 
F. M. "Role of tyrosine phosphoiylation in radiation-induced activation of c-jun 
5 protooncogeneinhumanlyniphoheniatopoieticprecui5orcells,"Qwc^ 
447-51. 1993; and Kaiin. M.. Un. Z.^.. and Zandi. E. "AP-1 function and 
regulation." Current Opinion in CeU Biology. 9: 240-246, 1997. 

C:/i« cncoto the nuclear DNA-binding protdn, JUN, to 
containsaleucine-2apperregi<»involvedmhomo-andhetaodimerizatio^ 

10 proteindimeri2eswithanDflierJUNprot«northei«od^ 

foiinstheactivatingpn)tein-l(AP-l)transcriptionfector. JUN-JUN 

homodimets and JUN-FOS heterodimeis preferentially bind to a specific 
heptameric consensus sequence found to the promoter it^n of multq)le gro 

Wgulatoty genes. Alterations of C:/i«protooncbgeneexp^ 
15 modulate the transcr^on of several growth^regulatoisaflf^ 

proHfeiationanddflferentiation. SeeRyder.K.^^^ 
goiieactivatedbygi«w1hfictoi8i8idatedtofteoncog^ 
itearfiWWSA «5: 1487.l491.1988;Neuba8,l^ Adamlde^ 
B.. andMndler.R. "A&spioteinconlaininglhe Jun^^^ 
20 homodimer^«hid»bindsto<heAP4Wnding«^^ 

Karin. M., Uu. Z.-G., and Zand!. E. -AP-1 fimction and regulation,* Current 

Q^Btofc«y/p: 240-246, 199^^ 
S. T., Hattorl. K. Boyl^ W. Hunter; T, and Karin, M. -Oncogene jun 

encodesasequence-specifictnms-activatorsnnaartoAP-CJ^^ 

25 166.170.1988;andMu8ti.A.M.Treier.M.andB<Amann.D."^^ 

nWquitin-dependentdegtBdationofoJunatophofiphoryl^ 

khnses," Sdenee. 275: 400-402. 1997. 

C:/i« itoys apivotal role fa Ras-induced transformation and has 

abo been hnpUcalod as a regoWor of apoptosis when <fe 

30 IsieqaM. Cytofadncfionbreqi^ 
atiess-indnced apoplosto after IJV oxpoBiw 
ttoinducfionisflioaghtfobetriggeredbyactiva^ 
Idnasea (3NKS) (alsobwwiiasitwsM*^ 
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enhanced c-Jm tnmsctiption by phosphorylation of JUN at sites that increases its 
abilitytoactivaletranscription. Ectopic expression of a dominant-negative o-/wi 
mutant lackihg the N terminus or a dominant-negative JNK kinase abolishes 
stress-induced apoptosis. SeeKarin,M,Liu.Z.-G.,andZandi.E."AP.l 
5 fiffiction and regulation.* CiimwrCSpW 

CoUotta, F., Polentanitti. and Mantovani. A. "Expression and mvolvement of 
e-fos and c:j un protoonoogenes m piogrammed cdl death induced by growfli 

fector deprivation m lymphoid ceU lines." /.Btol Chm.267: 18278-18283. 
1992; Ham, J.. Babij. C. Whitfield. J. Pfiiir. C. M. Lallemand. Yaniv, 
10 andR»ibin.UL."Ac-Jundominantnegativemntantpiotectss^^ 

neurens against programmed ceU death." Neuron. 927-939. 1995; Veiheij. 
Bose. R.. Lm. X. H.. Yao. Jarvis, W. Giant. S.. Biner. KM. J, Szabo, 

R, Zon. L. L. Kyrialds. J. M.. HainKmtz FA., i^iks^ 
-Requirement for ceramide-mitiated ^ 
15 apoptosis.* JVi*if«.5«0: 75-9. 1996; Hibi.M.^^1^ 
andI&mn,M.-Mentificalionofanoocoprotdn-andU^ 
WnasettetbhidsandpotentiatestheoJunactivati^ 
2135-48. 1993; l>ergard.B,mT»i.M,Wu.LH,Bairett.TnSu.B.I>en^ 

Karfa. M, andl>avi8,R. J. -JKO: apiotdnl^ 
20 H».Ra8fhatWndsandphosphoiylate8lheo.Junactivationd«^ 

1025-37. 1994; and Chen. Y. R.. Wang, X. Tanplelon, D, Davis. R. ^ 
Tan. T. R "The lole of c-Jun N^ennind Idnase ONig in apop^ 
«Itiaviolet C and gamma radiation. Duntfion of JNK activation mv detein^ 
ceD death and proliferation." JBto/ Oew. 27/: 31929-36. 1996. 
25 Protein tyrosine IdnasesCPTK) play important roles in die 

iiritlafionandmahilenanoeofbiodiemicalrignalu^ 
a£fectprtHfcrati<mand8urvivalofB-lineagelyn5>hoidcen^ Oxidative stress 
ha8beendiown1»activateBTK.SYK.andSrefiimilyFIK. Itis known that 
PTKacth«tion precedes and mandates ladiatioiM^^ 

Jarvb.!. J. and tWcun.F. M. CmoorRe8.iJ; 447-51, IW^ 




identityof . 

known. SeelWcun.F.M,Waddk!k.K.O^Mdi^an.S^J»m.X..Tdca^ 
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Bolen, J-aiui KmosaidtT. "^TK as a mediator of radiation-induced i^Hjptosis in 
iyr-40 lyniphoma B oells," Science. 273: 1096-100, 1996; Kurosaki. T. 
"Molecular mechanisms in B cdl antigen recq>t«»r signaling," Curr Opht 
Immunol. 9: 309-18, 1997; Uckun Evans W.E, Foi?yth C J, Waddidc K.G, 

5 T-AhlgrenL..aid8tromLAl,BuikbaidtA^B6lenJ^MyereD.E^ "Biotherapy 
of B-cdl precursor leidcemia by taigeting genistdn to CD19-as8ociate^ 
idnases." Science 267:886-891, 1995; Myeis Jun Waddick K.G^ 
Foisyth C, Chelstiom LAl^ Gunflter RX, Turner N£, Boten XJckun F^. 
"Monbrane-assodated CD19-LYN conq>lex is an endo^nous pS3-indq)endent 

10 and bcl-2-independent regulator of apoptosis in human B-Bneagelympho^ 
ceUs." ProcNat'lAcadSd USA 92: 9575-9579, 1995; Tuel Ahlgren. U Jun, 
• X., Waddick, K. G.. Tm, J, Bolen. and Uckun, F. M. "Role of tyrosine 
phosphoiylation in radiation-induced cell cycle-arrest of leukemic B-cell 
pieeuraon at the G2-M transition chedqjoint," LeukLymphoma. 20: 417-26, 

15 l996;Qm.S,Mmand,Y^Hibi.M,Kiirosaki,T^andYa 

"Syk-dependent and -independent signalhig cascades m B cells elicited by 
osmotic and oridative stress," /^C%em. 272; 2098-103, 1997; Saoua^ S. 
Mdugan, S^R(wlqr,ILB^iait,SnFaignoli.J^Bnddiaidt,A.L,T8ukada,S, 
Wide, O. Nn and Bokn, J, B. "Tenqxnal diffisnnces in the activalioa of three 

20 classes of non-tnnsmenibraneprolebtyrMfaie kinases fi^^ 

receptor suftceengagement," iVwMi(li«eatf5U 9i: 952^^ 

Uw, D. Oian, V. F. W^ Datta, S. IL, inrf Dcitanco, A. L 

receptor motife have redundant signalling capaWBties and bmd flie ^yrosfa^ 

kmases PTK72,Lyn and Fyn," Curr Biol 3: 645-57. 1993; Hibbs, M. U 
25 Taiiinlon,l>.M.. Amies, J^GndUDn Hodgson, G^MagUtto,R^Stad£er,S. A., 

and Dunn, A. R. "Wult^le defects in the inmiuno Q^ 
cuhnhiathigmantohnmunediseas^" Ceff, «J; 30M 
Isselbacfcer, IL Jn and Pilai, S. "Bndon tyioane Idnase is 
phoflfdiocylatedaiidaclivaledbtpreaiympk)^ 
30 /Vw:itotf;to«faWl®t Pi; 10606-10609. 1994; Jugtoft 
Bikn. J. *Oo88-lfadcing of (he leeeptor indm 
I^-ossocisted Ig alidia, Lyn, and $yk tyiodne khiases to the me^ 
dcdeton, J Immunol. 159: 1096-106. 1997; Ihomit. D. Oumiak. C B^ TiwI. 
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R. Shape, A. and Berg, L. J." Defects in B lymphocyte maturation and T 
lymphocyte activation in mice lacking Jak 3," Science. 270: 794-797. 1995; 
Nbsaka. Van Deursen. J. M.. Tripp, RA., Thierfel^^ 
a:, McMickle, A. P.. Doherty, P. c. Grosveld, G. and Ihle, J. N. "Defective 
5 lymphoiddevdopmentinmiceUKddngJak3,"&to»ce.270;8 

U.S. Patent AppUcation Serial Number 09/087.479 (entitted 
Quina2»lines For Treating Brain Tumor, filed 28 May 1998) discloses 

hydroxyquinazoline derivatives Aat exhibit potent cytotoxicity against human 
gUoblastomacellsCi.e.braintumorceU8). Because JAK-3 isnotknown to be 

10 present in these ^ioblasloma cells, the cytotoxic activity of flie 

hydroxyqdnazoline derivatives is not beUeved to lesatt fiom inhibition of JAK- 
Sactivity. AdditionaUy. the cytotoxic activi^ of the hydroxyquinazoline 
derivativesisnotknowntoiesuUfiKmitheinhiTMtionofciunactivation^ 

There is currently a need for therapeutic agents and methods that 

15 areusefUfbrprevoitingOTieducingcendamagethat^^ 

ndiation and diemieal agents Aat cause DNA-damage. There is also a need for 
dienncal agents as wdl as te v*(w and ^ viw inedi^ 

fintfier investigate I 

results fiom egqKtfure to radiation or dMmieal agents. 

20 



The mventionprovides amethod comprismg iifluTMting c-^ 
expression in celto (e.g. mammalian or avian) by contacting flie ceto 
fa Wvo) wifli a substance that inhfcits the activity of Janus ftmily kmase 3 
25 (JAK-3). 

Hie mvention also provides a therapeutic method for preventmg 
or treating a pathological condition in a manmial (ag. a huian) 

adivafion is Impficated and inMbition of its expression is desired comprising 
admhilsteringtoamammalinneedofsuchtherapy.aneflfccti 

30 8di8tance1faatiiihibit8theaetivityofJAK-3. 

Tlio invention also imwides novd compounds of formula I as 

weU as processes and faleimediates weftl for thebrpreparation. 



The invmitioii also provides substances that are effective to inhibit 
JAK:-3 for use in medical Uteapy (preferably for use in treating conditions that 
lesutt fiom exposure to radiirtion or to dieniical agents that cause DNA damage), 

as well as the use of substances that inhibit JAK-3 for the sianu&cture of a 
5 medicament for the treatment ofa condition that is associated with exposure to 
ladia^on, or to chemical agoits tiiat cause DNA damage. 

fiyjAf TWripfinn nf the Figures 
FIgnre 1. Radiatlon-indaced c-jnn activation in wild-type 
10 DT-40 lymphoma B-ceils. (A]. Pn" r^^nsp fnr induriion nfc-iun mRNA . 
DT-40 chicken cells were uiadiated at the indicated doses (0^0,15^0 Gy). Total 
IQ«IA was extracted after a 2 hours or 4 hours post-iiiadiation time period. RNA 
(20 m^ was loaded on a Northern gel and transferred by capillary blotting to a 
nyloomembiane. The Northembtot was hybridized wiA a labeled 
15 irobe (top paneO<»»diid«n <3APDH probe (b^^ 
diovro the vaiiies fbr fl» e:^(}APDHtran8Ciqpt 
wifliaBioRadStongeFhosphoriaiagerandoonespoading SI vahies IB]. 
i sff c^ ^fh^ Pj f^f^uhhn^^t^ ^^ huhirHni,nfr4un mRNA. Cells were 
treated wift 30 mgM of genistdn for 24 hows at 37K; prior to cgqKwm 
20 Gy ionizing radiation, expression levels were detennined as in jAJ. 

Flgnn 2. RadiatloB-indnced activation ofcjtm inBTIC 
DT-40 cells. Two representative experiments (shown in lAl and IB]) showing 
induction of c^ mRNA cjqiression by ionizmg radiation in wild W 
and BTK- ^-40 cells. Poly (A)*IWA was isolated fiom non-iriadiated cells as 
25 wett as irradiated cells (20 <3y, with a 2 hours post-radiation recovery period). 
Nbitfaem blots of2mg of poly (A)^ were hybridized witiio^ probe (top 
IMifieO, (-^ctinpciAe (ml(Mfe|N»^ 

panel). The inset below each pand diows tin rdative expresdon of 
normalised for BNA load (o^un/GAFDH ratio) and SI(fold induction over 

30 noik4nadiatedooaliol8). 

Figure 3. Indvctioli of o^mi mRNA expression by ionizing 
radiation in vrDd type and mvtant DT-40 ceD Unes. DT.40,B11C DT-40. 
SYT DT.40 (shown in lAa as wdl 18 LYN IXMP and LW SYK: DT 40 
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cells (duwn in IBl) were Inadiated wilh 20 Gy and poly (A^R^^ 
totalFNACnPDwasharvestedafteralhourrecoveryperiod. RNAfiom 
non-inadiatedcelbwasusedasaooniiol. Nocthem blots containing 2 mg of 
poly (AY (in lAl) or 20 mg of total RNA (in CBl) ftom each ceU line were 
5 hybridized with both ''P labeled ojiin ptobe(top panel) and GAPDH probe 
(bottom panel). The insets below the panels dww the relative expression of 
c.y«m noimalized for IWA loading (c-/Kn/ GAPDH ratios) as 

induction overnon-iiradiated controls). 

Figure 4. JAK-3 Inhibitors. {A\, Structures of JAK-3 
10 inhibitore. CBl Specificity of JAK-3 inhiTjitois. SQl cells infected with 
bacuioviius expression veclois for JAK-l JAK-2 or JAKr3 were subjected to 
immumvwciiritalion with antiJAK 

(shown in B2) and IAK-3 (showrtinB3 andB.4whichilhistrBteresuhsfimn2 

indflpendentaqierinienls)inmianecoinpl«^ 
15 (vdricleoontrel-OONXCompouiidl.orCompound2forlhourpriort0hot 

ldnaseas8Jiys,i»descnTied(20^2).Boftcoinpoundsi^^ 
at 10 iigtol whereasth^didnotinhiWt JAK-l or JAK-2 evenat75 pgrtrf 
EMSAs of 32DC22-IL-2RP cells. Compound 1(100 (gtoiO and Compound 2 
(lOOCgtol) WnbitedIL-2triggeredJAK.3-dependentSTATactivationb^ 
20 BL-3-lriggeredJAK-l/JAK-2Hlq>endeotSTATactivation^i^ 

ceils. 

Flgnre & Effects of a JAK3 Inhibitor on Hun Induction in 
irr«diatedDT-40 cells. Cdls were treated with Ac quinazolme derivative 

4H3'^Biwno^'4iyd«wyH»J«^^ 
25 ingM)fcr241ioui»at37«C|»iiorto«]cpo8oreto20<3yioni^ 

CKpresslontovdsweredetonninedasouflinedinFigi^ 

]2eiailaiJ2e8fidiiiian 
As used herefai, the tenn *1nUbit^ means to reduce by a 

30 measurebleamoimt.orpreveiiteiitirely;and1heptea8e*1^ 
inctadesfhetoWMtionofRKAproductionandlhehJift^ 
the protein encoded by the RNA. 
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AppUcants tacatnined the potential involvement of BTK, SYK and 
LYN in nufiatioiHnduced c-Jm activation, using DT-40 diicken lympixnna 
B<eU clones rendered defidont for these specific PTK by targeted gone 
disruption. It was found that BTK plays no role in radiation-induced c-Jm 
5 activation. Sinrilarly, neither LYN nor SYK are required for activation of c-ywi 
after radiation ejcposure. However, their participation may influence the 
magnitude of the c-Jun response. It was unexpectedly discovered, however, that 
an inhibitor of Janus femily kmase 3 (JAK-3) abrogated radiation-indnccdc:fi« 
activation. 

10 c-junejqwcssion can be activated by «q)Osure to chemical agoits 

that damage DN A such as ararC, a topoisomerase n inhibitors, or alMating 
agents. C-jun activation can also result fiom exposure to ultraviolet radiation or 
iomzmg radiation. Aooordhig to the invention, inhibitois of JAK-3 can be used 
to iiildbit ©jon eixpiesrion lesuhmg fitmi eacposu^ 

IS dienucal agents. 

the mediodsofthB invention can be carried out in SaAin 

Wtowmefliods are also useW for stad^ the biological processes associated 

with cdl response to DNA damagnig agents. The mefliods of fl» hwention can 

also be carried out invlw. Sudimefliods can also bo used to study Ae 
20 biological processes associated with cdl response to DKA damaging agents, as 
well as for treating pathological conditions m mammals (eg. humans) Oat lesult 

fiwm eaqwaure to DNA-d amaging agents. 

Pathological conditions that result fiom exposure to DNA- 

damagfaig agents indnde conditions tiiat icsuh fiom oxidative stress, sudi as 
25 tis8«eoroigan(e.g.heart,liver.orlddney)damage,inflammation.andhau:l^ 
as wefl as the negative cfifecis fliat are produced by oxygen ftee radicate during 
chanolfaerapy. Oxidative stress nu^r result fiom ea^wsure to eottemal agents, ot 
mayiBsultfiwnhitefflalpiocesses. Thus, JAK-S inhibitois are also usefid for 
treating conditions resulting fiKm the action of intemalty generated oxygen fi»e 

30 radiCTlff^ « amydotropMc Uteal scterosis (ALS). 

Aoooidingto1heinventioa.tfaeJAK.3&ddbitoi8niqrbe 
administered prophyiactically , ie. prior to exposoio to *o DNAHlam^ 
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agent, or Ihe JAK-3 inhibitois may be administered after exposure to the DN A 

daina^ng agent 

Ttie JAK-3 inhibitois usefiil in the methods of the invention 
include all compomids capable of inhibiting the activity of JAK-3. it being well 
known in the art how to measure a compounds abiUty to inhibit JAK.3. for 
example, using standard tests simitar to the test described hereinbelow in 
Example 2 under the heading "Efifecte of a JAKr3 inhibitor on bdiation-mduced 
c-jun activation m DT40jceUs." 

JAK-3 inhibitois that are useful in the medKxls of the invention 

include conqwunds of foimula I: 




0) 



iKfliereiii 

X is HN. R„N, S, O, CH„ or R„CH; 
R„ is hydrogen, (C,-C>lkyi, « (C.-C,)alkanoyl; 
15 R,-R, are each independentty hydrogen, hydroxy, mercapto. amino, mtio. 

(C,.C,)alkyl. (C.-C,)alkoxy. (C,.C4)alkylthio. or halo; wherein two adjacent 
gioai»ofR,*,togrtli«rwiihAephe^ylriiigtowWch^ 
optionally &im a fiised ling, for example fonning a nap^^ 
tetthydiwuq*fl^ifag;«ndtoflierw^ 

20 gioupsofRrR,iniV<«»»ten>ny^ 

am«no.nitro.(C.^4)aIlqfU(C,-C4)^ 

R, and R,, are e«A todcpendeolty 1^*^ 
halo.or(C,-C,)alkanoyl;orR,andRH,togedierare«e%i^^ 

pluamaoemieally acceptable salt tfaereoC 
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The foliowiiq; definitioas are used, unless otherwise described: 
hak) is fluoio, diloio, bromo, on iodo. All^l, aOcanoyl, <^ denote both straight 
and branched gmapa; but lefisrenoe to an individual radical sudi as ''propyl'* 
embraces only the straiglit dudn radical, a bnmdied chain isomer such as 
5 *Hsoi»t^yi** bong qiedfically referred to. (C,-G4)Alkyl includes metlQrl, ethyl, 
propyl, isopropyl, butyl, iso-butyl, and sec-butyl; (C,-C4)aIkoxy includes 
medioxy, ethoxy, propoxy, isopropoxy, butoxy, iso4>utoxy, aiui sec-butoxy, and 
(C,-C4)alkanoyl includes aceQrl, propanoyl and butanoyL 

A q}ecific groiqi of con^unds are conqwunds of formula I 
10 wherein Ri-Rj are each nidependeatly hydrogen, mercapto, amino, nitro,(C,- 
C4)alkyl. (C,-C4)alkoxy, (C,-C4)alkylthio, or halogen. 

Anodier ^edfic grot^ of conqwunds are conq>ounds of formula 
I wherein and R,, are eadi independently hydrogen, (C,-C4)alkyl, halo, or 
(C,-C4)alkanoyl; or R, and Rm together are metlQrtenedioxy; or a 
15 i^uBmacentically acceptable salt fliereol 

IAK-3 inihilntofs tfiat are us^ m tiie meOiods of the invoition 
also inchide conqxMmds of Ibonnb I as described in Patent Application 
Serial Number 09/087,479 (entitled Qumazolmes For Treating Brain l^mior, 
filed 28 Miyl998>. 

20 Piefened JAK-3 inUbitois indnde 4-(4'-l9droxylpiMiiyl)-andno- 

6,7-dimedioxyquinazolme and 4-(3'4m)mo-4'-]iydix>xy]phenyl> 

amino-6,7-dimelhoxyquinazotme, or a pbannaoeuticaUy accq)table salt fbmoL 
Substances diat mhibit JAK-3 Substance(s)") can be 

fiyrmnlst H 9^ rh**™*'"^^*^ ctmyositions and administCTed to a mammalian 
25 host, sudi as a human patient in a variety of fi»ms adapted to the chosen route of 

admittistratitin, Le^ orally or parenlenUy, 1^ intravenous, intramuscuter, topical 

or subcutaneous iDUtBS. 

Thus, flie Substances nuy be systemically administered, eg., 

oraUy, in oonibhiatioa widi aphaimaceotieally acceptable vehicle such as an 
30 inntdifaNiitoranttsiiiiibMeedibiecaiiiar. They nu^ be enclosed in hard or 

soft died geiatln cqnttles, nay be ooti^^ 

InooqKxaled dbeetty with ihe Ibod of the iMtieiit*s 

admfadstnrtioii, Ibe SiAslaiiooinay be ooadxDed w 
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used in the foim of ingestible tablets, buccal tablets, tiodies, capsules, elixirs, 
suspensions, synips,wafas. and the like. Sudi compositions and preparations 
should contain at least 0.1% of the Substance. The percentage of the 
compositions and preparations may. of courae, be varied and may conveniently 
5 be between about 2 to about 60% of tiie weight of a given unit dosage fonn. The 
amount of Substance in such thei^tically useM compodtions is such that an 

effective dosage level will be obtained. 

The tablets, tioclies, pill^ capsules, and tiie like may also contain 

tiie following: binden such as gum tragacanth. acacia, com starch or gelatin; 

10 e«jipicnt8Sucha8dicalciumph08phate;adi8integratingagBHtsudiascom 
starch, potato starch, algfauc add and tiie like; a lubricant suA as mag^ 
stearate; and a sweetenmg agent such as sucrose, fiuctose, lactose or aspartame 
or a flavoring agent sudi as peppermint. oU of winteigreen, or cherry flavori^ 
miybeadded. When tiie unitdosage form is a capsule, it may contam. in 

15 additiontomaterial8oftiieabove^aUquidcarrier.sudiasavegetabte 
apolyediylene^L Various oflier materials may be present as coatings or to 
odierwise modify tiiopMcd form oftiie solid unit dosage form. Formstance. 
tabids, pills, orcapsulesmior be coated witfigdalm, wax. 

thelikB. Asynv««i«fr«>«VO«»»«^»^ 
20 i»asweeleningagBnt.«dM«idimi|Vlp«^ 

flavoringsudiasdwiyororangeflacvor. Ofoourscaiqr material used in 

preparing aiqr unh dosage forai dwuM be phai^^ 
8«ibstantianynon4oxicmtiieamount8«mpk)yed. Ih addition, tiie Substance 
iniy be incorporated into sustamed-ielease preparations and devices. 
25 Substances may also be administered intravenously or 

iniiaperitonealfyhyinfosionoriia 

|wepatedhiw«l«r,«i>tionaIlymixedwiflianontoric8urfi^ Disperaionscan 
atoobepi«patedto8l3(oeiol.!iquidpolyefliyleneglyco^ 
(fadraofandhioils. Under oidiaaiyoonditioMofslonge and use, tiiese 

SO ptepBtt^caadn^pnimtiS^ 

Tlio|j)ininr>*«rt<^i Ai-ffa fiama suhable for injection or 

faflirionc«ifadndeileritoai!Beou«»tati^ 
«ompri8ingtheS*rttteei»Wchw 
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of stinile iiqectable or infiisible solutions or dispersions, optionally encapsulated 
inliposomes. In aU eases, tiieidtimitodosa^fonnniust be sterile, fluid and 
stable under die conditions of niannfictuce and stmage. The liquid carrier or 
vehicle can be a solvent or liquid di^ierdon medium comprising, for ocample, 

5 water, etiiianol. a polyol (for example^ glyoeiol, propylene glycol, liquid 

polyethylene ^ycols, and die like), vegetable oils, nontoxic glyceiyl esters, and 
suitable mixtures thereof The proper fluidity can be maintained, for example, 
by tiie fbimaticm of Iqiosomes, by the maintenance of die required particle aze in 
tfiecaseofdispersioiisorbytheuseofsurfectante. The preventi<Mi of flie action 

10 ofimcroor^misms can be brought about by various antibacterial and antifungal 
agoits, for example, parabens, dil(m>butanol, phoiol, sorbic acid, thimoosal, 
and the like. In many cases, it vrill be preferable to include isotonic agents, for 
exanq>le, sugars, bufifecsw sodium diloride. Prolonged absorption of flie 
iiyectd)le compodtkms can be broug^ about by die use in die conq)ositions of 

IS agents debyingabsoipticm, for eadm^Hataimilnmiinoaostearatean^ 
Sterile iigectdife solution are piqiared by mco 
Siibstmce hi die required auMunt in die iQipro^^ 
odier ingte^ents dmmflrated above* as reqmred, foltowed ^ 
In die case of sierite p<mden for die preparation of sterile iigectable sohition^ 

20 die preferred medwds of pcepantion am vaeunm drying and die fi«e» dry^ 
tedmiques, wUdi yidd a powder of die active ingredient phis any addition 
desiredhigredientpresentindiepreviondyslerile-filteredsolutioos. 

For topical adrnmistration, die Substances nii^ be qipli^ ii^ 
form, i.e., when diey are Uquids. However, it will generaUy be desirable to 

25 adnunistediemtodieddmascOT5K)sitionsOTformuUrtions,inc<mibination 

widi a dematologieany acceptable canier, whidi taay be a solid or a liquid. 

Xftefol solid caniers include fin^ divided solids sudi as talc, 
clay, nucrocrystallme cettulose, siUca, ahmihia and die like. Usefol liqm 
caniexs indtiide water, aloohob or glycols or water-alcohol/glyool blends, m 
30 wUdidieSdMtanMiaBibedinoMordi^^ 

widi die tid of non4oxib anfeolanfs. A^iivanls such as fiagcanoes and 
additiond antimieidiial agents canbe added to optiinizB die propetdes for a 
givenvse. Wresidlant liquid compoihionscnbeappttedfemabsorbem 
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pads, used to impregnate bandages and other dressings, or sprayed onto the 
affected area using punap-type «: aerosol sprayers. 

Tliickenen soch as synthetic polymers, firtty acids, fetty acid salts 
and estere, fetty alcohols, modified celluloses or modified mineral materials can 
5 alsobeemployedwithUquidcarrienstoformspreadablepastes.gels,ointmOT^^ 

soaps, and the like. fi» application direcUy to the skin of the user. 

Examples of usefid deimatotogical composition which can be 

used to deliver the Substances to the sJdn are known to the art; for example, see 
Jacquet et aL (U.S. Pat No. 4.608,392), Geria (U.S. Pat No. 4.992,478). Smith 
10 et aL (U.S. Pat No. 4,559.157) and Wortzman (U.S. Pat No. 4.820.508). 

Usefiil dosages of the compounds of formula lean be determined 

by comparing flieirfe vitro activity, and in vrw activity in anhnal models. 
Methods fcr the extrapolation of effective dosages in mice, and other animals, to 
homans are known totihe art; fbr example, see U.S. Pat No. 4,9384>49. 

15 Generally, the concentration ofthe Substance m a Uquid 

composition, sudi as a lotion, will be ftom about 0. 1 -25 wt-%. preferably ftom 
about0.5.10wt-%. Theconcemrationinasemi-solidorsolidcompositionsuch 
as a gel or a powder win be about 0.1 -5 wt-%. preferably about 0.5-2.5 wt-%. 

Tlw arnount of the Substance required fiw use in treatment wai 

20 varynotonlywiththeparticuhffsahselectedbutdsowithAeioute^^ 
administtation. the nature of the condition being treated and the age and 
conditionofthepatientandwinbeultimatelyatftediscretionoftheattendant 

ptiyiridan or clinidan. 

In general, however, a suitable dose wiU be in the range of fitom 

25 about03toaboiill00mg^e.g..fiomaboutl0toabout75mg/kgofbody 

wtWH per diV. soch as 3 to about 50 mg per kUogram body weight of the 

recipient perdiV. l»wto*»y J»*«"»8**^^^ 
in 4ie range of 15 to 60 mg^d^. 

Tlio Substance is conveniently administered in unit dosage form; 
30 fer«ample.coiitaining5tol000mg.conwoientlyl0to750mg.m^ 
conveniently. 50 to 500 mg of active Ingredient per rait dosage fi^ 

MeaMy. the St*8tance shoidd be administered to achieve peak 

ptamuiconcenlrationsof fhmiaboutO^ todKHit75 |iM.p^ 
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50 iiM. most preferably, about 2 to about 30 |iM. This may be achieved, for 
example, by the intravenous injection of a 0.05 to 5% solution of the Substance, 
optionaUy in saline. oroiaUyadministeiedasabolus containing about 1-100 mg 
of the Substance. Desirable blood levels nugr be maintained by continuous 

5 mfusion to provide about 0.01-5.0 mg/kg^ or by intermittent infiisions 
containing about 0.4-15 mg/kg of the Substance. 

The Substance may convenimtly be presented in a single dose or 
as divided doses administered at appropriate intervals, fiir example, as two, three, 
four or more sub-doses per day. The sub-dose itself may be farther divided, e-g., 

10 into a number of discrete loosely spaced a d m itiistCTtioiis; such as multiple 
inhalatiras fiom an msufOator or by application of a pluraUty of drops into flie 

The mvention wiU now be iUustrated by the following non- 
limiting Examples. 



wowuooma 
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Rvsmiptel. Chemical synthesis and Characterization of JAK.3 Inhibitors 

5 

Melting points are uncorrected. 'HNMR spectra were recorded 
usingaVarianMercurySOOspectrometerinDMSOAorCDCV Chemical 
shifts are reported in parts per miUion (ppm) witti tettamethyhdlane (IMS) as an 
internal standard at zero ppm. Coupling constant (J) are given in hertz and the 

10 abbreviations s,d.t.q, and m refer to singlet, doublet, triplet, quartet and 

muhiplet. respectively. Infrared spectra were recorded on a Nicolet PROTEGE 
460-IR spectrometer. Mass spectroscopy data were recorded on a HNNIGAN 
MAT 95. VG 7070B-HF G.C. system with an HP 5973 Mass Selection Detector. 
UV spectra w«e recorded on BECKMAN DU 7400 and using MeOH as the 

15 sohreoL TIX;watperformedonapreooaledsiHcagdptate(SilicaGelKGF; 
Whitmanloc). SiUcagid (200400 medi. Whitman inc.) was used finr all cohmm 
chromatography separations. All^dicanicals were reagent grade and were 
purchased from Aldridi Chemical Compare (Milwaidcee, Wi^^ 

Chemical Company (St Ixmis, MO). 
20 the common synthetic precursor 

4.dilon>^,7Hlunethoxyquinazoline (7), used for prepare 

(2), was prepared usfaig lituramre procedures as iUuslrated m Scheme 1. 
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Sdiemel 



4>Diiiieaioxy-2«^utiobeiizoic add (3) was treats 

chlcmde and Ihen reacted wiA ammonia to ffive 
5 44^ettioxy-2-mtrobenzanude (4) as described by F.NomotoetaLCft^ 

Pharm. BulL 1990, 38, 1591-1595. The nitro group in compound (4) was 
reduced with sodium boiolvdride in the presence of copper sul^ 
Thomas CatafyOc Pmeesses and Proven Catafysts Academic Press, New Yoric 
(1970)) to givo 4>dhnethoxy-2-amhiobeiizamide (5) which was cyclized by 
10 refluxhigwi&fomricacMitogive6jHJhnethoxy«|uhiazolii»^ 
Compomid (Q was nfhixed wifh phoq^hcmis oxytriddoride to pvovl^ 

common ^ntfaetle preeoreor (7). 

Cbn^wunds 1 and 2 ^gure 4) were prqwrod fixMn flie cwnmon 

symhdic precmsor (7) and Oe requsito aniUne as follows. 
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4-(4 tHydrajylphenyl)<mttno^J-dimeihoxyqui^ (1). A 
mixture of 448 mg (2 mmol) of 4H*loio^.7^ethoxy-quiiiazolme (7) and 2.5 
mmol of 4-hydioxyamlme in 20 ml of alcohol (EtOH or MeOH) was tefluxed 
for 8 houra. After cooling triethytamine was added to basify the solution, and 
5 thesolventwasooncentiatedtogiveniateriallhatwasrecrystamzedtom 

to give compound (1); 84.29%; m.p, 245.0- 248.0 'H NMR (DMSO^: 6 
1 1.21(8. IH. -NH). 9.70(8, IH, -OH). 8.74(8. IH. 2-H). IH. 5-H). 7.40(d. 
2H, J- 8.9 Hz, 2'.6'-H), 7.29(8, IH. 8-H). 6.85(d, 2H. J= 8.9 Hz, 3'.5'-H). 
3.98(s, 3H. -OCH,). 3.97(8. 3H. -OCH,). UV(MepH) X«.(e): 203.0. 222.0 . 
10 251.0. 320.0 mn. IR(KBr)u^: 3428. 2836. 1635, 1516. 1443. 1234 cm'. 
GOMS miz 298 (KT+l. 100.00), 297(>r. 26.56). 296( hT-l, 12.46). 

qOnaxoUMQ). Ainixtareof448i>^(2inmol)of4Hddoio^,7-dimeflioxy- 
<jiiinazollncC7)and2.5imiiplof34mmi^^ 
15 (aOHorMeOH)wa8ieftaedf6r8lK»ui8. Ateow 

addedtoba8ify«»8olation.andlhe8olveritwwconccii^ 
WwMWciyslallizedihjmDMFtoglvo compound 

233.0-233.5 "C; »H NMR(PMSO-d^: 6 l0X)8(s. IH. -M^ 938(8, IH , -OH), 
8.40(8.lH.2.H).7.89(d.ia/r.,.-2.7H2.2'^7.75(8.ia5^735(dd. 

20 lH,J,.^.-9.0Hz,/,.^.-2.7Hz,.6'^7.l4(8. lH.«.H),6i»7(d.lH.J^^= 
9.0 Hz, 5'^ 352(8. 3H, -OCH«). 3iKK8. 3H. -OCH,). UV(MeOH)X^e ): 
203.0. 222.0 . 250.0. 335.0 nm. IR<KBi)iW 3431(br)» 2841. 1«4. 1498. 1423. 
1244 cm-». GOMS mIz 378( M* +2. 90i»). 377(M* +U7.49X 376(Kr.lOO.OO), 
360(M*3.63). 298(18.86). 282 (6.65). 



25 
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Byimiplei. Bfolo^etl ScrceiiBg 

MATERIALS AMD NfETHODS 

Cdl Lines. The establishmeirt and characterization of 

S BTiCHleMent^SYR^lefident, and LYN<^fieient clones and reconsti^ 
SYK-^fidem cell lines of DT-40 ddcken lyoophonia B<dls were pieviow^^ 
tepoited The culture medium was RPMI 1640 Technologies; 
Gaitheisburg, MD), supplemented with 1% chideen senun (Sigma; St Louis, 
MO), 5% fetal bovine serum (Hyclone, Logan,UT) and 1% 

10 penicilIin-sti^tomydn (UfeTedinologies). SeeUdam,F.M., Waddidc,K.G., 
Mahajan. S^ Jun. X., Takata, M^ Bolen, Jn and Kurosaki, T. Science. 273: 
1096-100, 1!^; Kurosaki, T. Curr Opin Ininamol 9: 309-18, 1997; Kurosaki, 
tJ, Idmson, S. A, Pao, L., Sada, K, Yamamura, IL, and Cambier, J. C. J. Exp, 
Afed /A2: 1815-1823, 1995; and I)ibiniikL,Knstupaiti80^Kurosa^ 

IS 1^-AUgRni:^CamA^F<mdD^T^iongD.,Lid)enR^UdamF.^ 
C%em. 273(7), pp:403S-4Q39» 1998. 

UseofPIKlBUiiiton. Gelis (2 xlO^AnQ were treated fiH:24 
hours at 37 *C with ciliier (1) tiie PTK inhibitoiy isoflavone gen^^ 
(Cdbiodiem, La Jolla, CA) at lU iiiM(30 m^od) oonceiitiatioii or ^) flie 

20 Jannsfimnly kinase, 3 (FAK-3)-«ped&P1Kiidiibitor 
4K3'-bromo-4'-4iydroxypheny04unino-6,7-dtmed^ 
C,«3,4Bi(NjO,X knidty iTOvided by Dr. Xing4»ing Uu, Alexander 
Phatmaceutical Inc., RoseviUe, MN) at 270 mM (100 mg/tol) prior to radiation 
in Older to assess die efifects of diese agents tmiadiation-induced crjm 

25 activation. 

ImdUitioBofcdls. Cdls (2 xlO'cdlsM) in plastic tissue 
cnhnre fladcs were irradiated with 10-20 at a dose rate of 4 Gy/min during 
log fdiase gtowdi and imder aeroUc conditions usmg a "'(^s irradiator (JX. 
ShqduBd, (Hendale, €^ as previoasly described by "Did Ahlgteo, L., Jun, X., 
30 Waddidc,lLO..Jin,JnBoien,;nandlJdain,F.M.''Roteof^yiosi^ 
pho6|dioiylatioa hi ladiatioiMnduced odl cydMmmt of lei^^ 

pieeutsotB at the (324iif transition diedcpoint,* Xeu^ I^«M>o^ 

1996; andUdom, FJyL, Jaszcz, W., Chandan Langlie» M., Waddick, K.On 



smwmn pctajs99/i4«3 

19 

'Pecf2al8ka.K. and Song. C.W. -fattinsic radiation lesistaiK* of prim^ 
ctenogeme blasts fiom cWldiw wtth newly diagnosed B^^ 
lyniphobla8ticleuk«nia.-yafe /WW. 91:1044-1051.1^^^ In some 
experiments, cells were preincubated with PTK inhibitore for 24 horns prior to 
5 irradiation. 

erfun probe. A506ba8epair(bp) ojun probe was obtained by 
polymerase chain reaction (PCR) amplification of chidon gen^c DN^ 
Primer sequences were detcrmfaied based upon tiie sequence of ciudan 
(GenBank accession code CHKJUN). Two primeis: S'-ACTCTGCACX: 
10 CAACTACAACXX>3' (SEQ. ID NO: 1) and S'-CTTCTACXXST 
CAGCTTTAOGOG-3' (SEQ ID Na 2) were used for amplification. 
Ami«ficatitm was performed wifliamaofTaq polymerase andaproofie«^ 

fes CB4> 




polymerase GibooBW^Gnrnd Wand, NY) on an fteo^^ 
15 ncydei;iisingahotslart POlpioductsweresubseqi^ 

cloiringvwjt«r.PCR2.1 (Invilrogai.SanDi<«o.CA). An insert of tiie proper 
8l»(506basepair)wa8ideotifieda8diickmc:A« lV«q^ 

PRISM dye temiinatorc^ sequencing (AmpUTa^^^ 
analyzedonanantomated8equeneei;AU?ea?iessseqnencar(^^ 
20 Biotech.Piscataway.NI).A538ba8epairdnckmjfcfc«^^ 

ddiydrogenase(GAFDH) probe was generated by wverae transcription and 
«d«»qucnt PGR amplification aa"-K3l)fiomdritoF^ 
primas: 5^AGAG<mKTOXX:AGAACATCATC.3'(SBQIDNO:3)and 
5'.GIOQGGAaACAGAAGGGAACAGA-3'(SEQIDNO:4). A413bp 

25 «aiickenB^K<inpr*ewasgeneraledbyRT-PCRa^ 

RNAwWilheJbllowingprimeB: 5'XKXXnCTTCX:AGCATCITrCTr.3' 
(SBQIDN0:5)and 5'-TrrATGO(X:AmATGQGTr-3'(SBQ©NO:6). 
The an4>lified cDNAs were ^oned into PGR 2.1. 

RNA isolatfon and Nprlhcm blot hybridization analysis. 

30 TolalKMAwa8«tiacled$umappioxhwWty23x 
Reagait.amonophasicwtafion«fplienolaiidg^ 
descilbedbyChomczndd.P.andSacchi.K-S^lo^i^ 
faotallonby gnanidnihmHUpcyanatofhenol-di^^ cjtuactton," 
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Bhutan. 162: 156-159, 1987. Poly (A)* RNAavbs isolated directly fiom 1-3 x 
1(^ cdls ^vith ah biviliogm Fast Trak 2.0 mRNA iM 
were lysed b a sodimn dodecyl sulfite (SDS) lysis buffer CQDtaiiiiiig a 
proprietary mixture of proteases. The lysate was directly incubated with oligo-dT 

5 for absorption and siibsequaatelution of poly (A)^RNA. 

two micrograms of poly {Af or 20 mioograms of total RNA 
were denatured in fonnalddiyde/fonnamide loading dye at 65** prior to loading 
onto a 1% agarose-formalddiyde daaturing gel. Transoipt sizes were 
determined relative to tdiA maricers of 0.5-9 kb. The gels were stained with 

10 Radiant Red in HjO to dieck loading and integrity of RNA prior to transfer. The 
RNA was 8id>sequently transfened to positively duoged i^lon membrane with 
20X standard sodium citrate(SSQ transfer buffer (IXSSO 0. 15 M sodhmi 
Gliloride^.015 Maodinm citrate) by downward oapillaiy^b^ Thec/tm 
itagnwit was ladtobMod by random priming wi& K-^*^ 

15 [Ameidiam,AilinglanI]eig|it8»IL](40). Northern blots woe Iq^bridized 
dvenn^ at 42 "X; in prciiVbiidization/hybridization ad 
widi iMnprielaiy btoddng and badcgroimd te^ 
TX) fiv 16-24 hbuisandadxNmd piobe was lemoved by was 
stringency of 0.1% SDS, 0.1XSSC (65 The blots were ana^fzedboA by 

20 autotadiogri|dQrandiisingtiieBioRad Storage Phosphor Imager System 
(BioRad, Hcicules, CA) lor quantitative scanning. The btofts were sid)^^ 
strqiped In boiling 0.1% and dien ridiybridized with a diidcen GAPDH 
and/or dudcao (p-«ctin probe to normalize for loadh« dififereoce^ 

25 RB5ULTS AND DISCUSSION 

B^osue of DT*^ diidceB fynplioma B<eiis to fonizto 
nidiatton adivates the protomoogene. Bqiosnre of human iyofbaam 
B-odls to 10-20 Gy^iys leniite in enhanced €S:^ eajansao^ 

te^xnae at 1-2 houn (OiM, a Pn lo^ 
' 30 55: 447-51. 1993). ft has ato) b een r eported that ioairiagiaaation triggers hi 
OT^O diidcBn lymphoma B-cdb biodwrnical and biological ai gn a te sinril ar to 
fliose in human lymr^oma B-cdk (Udmn, F. M., Waddidc. K. 
Jim^X. Tdcata, 111* Bolen. 1^ and Kuosdd, T. 
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In Older to detennine if DT-40 chicken lymphoma B-cells show a similar e-Jun 
response to ionizing radiation. DT^ cells were irradiated with 5.l0.15or20 

Gy and examined total RNA harvested ftom cells 2 or 4 hours after radiation 
exposure for expression levels of 1 .8 kb chicken c-Jun transcripts by quantitative 
5 Northern blot analyris. As shown in Figure 1 A, radiation exposure increased the 
level of 0:^n transcripts in a dose-and time-dependent manner without 
significantly affecting the GAPDH transcript levels with a majo^ 

index (SI) (as detennined by comparison of the c-jun/GAPDH ratios in 
non4nadiatedve«usiiiadiatedcdls)of34, 4 hours after 20 G^^ Inseven 
10 additionalindq>endertexperiments.the8tini»lationtndexfor20Gyion^ 
radiation at 2 hours after radiation exposure ranged ftom 2.4 to 3.8 (mean ( SB = 

2.9±0,4). 

The role of PTK in radiation-induced activation of c-Jun 
apresrion in chickm tymphoma B cdls was examined next, since PTK 
15 inhibitorewere8howntopreventradiation-inducedo-/i«acttvationinhuma^ 

lymphoma B-cells. As shown in Figure IB, ionizing radiation did not 
slgmficantly enhance expression leveU in DT-40 cells treated with 

PIK^nUbitoiy isoflavone^ genistein (stimulation index«l.l) indicating diat 
adivatknofaFIKisieqniredfbrraifiationH^^ 

20 |ymi*omaBcell8t8wiLTliesefi^ 

B<ell8 as a fuilAle modd to ftether ehicidate the mol^^ 

nidiati<»Hnduced c^/wR activatioo. 

Cytoptasmlc protein tyrosine ktoases BTK, LYN, and SYK 

««notr«qulredforradlationlndneedc^iiiinctlv«llon. BTK is abundantly 
25 expressedinlymphomaB^elbanditsactivationhasbeendiowntoberequi^ 
fortadiation.indaced apoptosis of DT-40 celto (Uckun. F. M., Waddidc, K. G., 
Mailman. Jmw Tdcata, M.. Bolen. J., and Kui^ 

t096-100« 1996). DT-40 cells rendered BTK-defident by targeted disniption of 
iheBTKgenesdoiiotmideigoapoptosisafteriadiationexposure. Tlicrefore,we 

30 aetouttodelennineifBlKconldbelhePlKiesponsi^leforradiatio^^ 

aclivrtioii as wdl, by ccmiparing the levds of 

BTKHlefioMCBIlOww^wO^Wl^ 




,„pcc»taoo»,2(ir-''^ B^Hi^»«t«itomaiiee«iiii expression in 
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BTR-defident DT-40 cells in my of die ttme iiidq)aident d^erimeots 
pecfonned. The stimulafion indices ranged from 1.6 to 3^ (meu 
OS) figure 2). Thus, ionizing tadiatiochinduoed increases in o-Jun transciq>t 
levels do not dqsend upon the presence of BTK. 

5 Since SYK is alw abundantly esqnessed in DT-40 cells and is 

rapidly activated aftier ionizing radiation, we next examined if S YK mig^ be Hit 
PTKrespondble for radiation-induced increases in dymtransori^ As 
diown in Figure 3A, 20 Gy ionizing radiation enhanced e-Jun expression in 
SYK*DT-40 cells loulaed SYK-deficient by tainted gene disnq>tion even 

10 tiiou^ the stimulation indices Kibservci in five indq)endent experiments were 
lowo- tiian fiom tiK>se in wild-^i^ cells (1 .9±02,ys2S± 0.4, p O.Ol). Thus, 
SYK is not requned for radiation-induced activation in DT-40 cdls but it 
may paiti^»ate in genentictti of an optimal signal 

I>T-40 oe^ edqnvss hic^ tevds of LYN bitt do not eiQiren 

IS mendieraoftiieSrePTKfiaiily.indbdhigBLK^HC^ 

detectable levds (see Udom, F. M, Waddick, K. O, Mahqan, S., Jun, X, 
Takata. KL, Boleo, J., andKurosaki, T. Sdence. 273: 1096-100, 1996; Kmosaki. 
T., Johnson, S. FM^ I«, Sada, Yamamnra, R, and Cambier, J. C "Role of 
die Syk antopho^hoiylaticm ale and SEi2 dtmiams in B 

20 agnalmg,"/. £:;g9.JM!»f//«2;l81M823;1995; and Takata, 

Kmosaki, T. "Reqoiranent of phoq)hoiq>ase Oy^ activatim in swfioe 
immnnoglobulinM-indocedB cell apoptosi&,"/£q9MRi 182: 907-914, 1995. 
Sfaice it has previously been demonstrated tiiat SRC fimily PTK are essential for 
W-fFtimvlfltf^ hM^wMMis in e-jun erpwrion. we postulated flat tiw predominant 

25 SRC-fimiity member, LYN, might mediate radiation-uiducedc:A<n expression 
m DT-40 cells. To test fliishypotiieds, we exanuned ttie ability of imuzmg 
raffiation to activate CKprassion m DT-40 cells rendered LYN-defident by 
taigeied gene disruption. LYN-defident CLYN~) cells duwed enhanced o^ 
cKpnadon after iiiidiation, ixmever tiie stimnlation indices wen loww 

30 1faoseinwUd^DT-40(Figiire3B). Since tYN and SYK have been diown to 
poopente in the seneralioa of other dgnalt B^dls (see Kmosa^ 
'^toeoiar mechanisms B odl antigen leoqilor signaling," 
bmmua. 9: 309-18. 1997), the sMtty of ioiiMng radiation to faduoe c-Jm 
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exinession in LYlTSYK" DT^ cells, generated by targeted disruption of tlie 
sj^k gene in LWdefident DT-40 cells was examined. As shown in Figure 3B. 
LYITSYK: iyr-40 oeUs showed elevated c-Jun transcript levels after irradiation, 
indicating that the e-jm response does not depend on either of these PTK, either 
5 aloneorincoopeiation. SiniilartoSYK.LYNi8notrequiiedfor 

ladiation-hidueed c-Jun activation in DT-40 cells but it may participate in 

* • 

genoation of an optimal response. 

Iirterestingly, in fiw independent experimems, we observed 

higher baseline expression leveb of c->H m SYKT DT.40 cells than in wOd^ 

10 DT-40 cells (Range: 1.4 -23-fold, mean ± SB = 1.6 ± 0.2-fold), suggesting that 
Sykirnvbemvolvedinregubtionofbaselinec-yKB levels. To fimher explore 
fliis posdbiUty. we compared c->fi levek in SYK- ceUs to those 

leconstitnifid with vikkype or kmase domam mutaiit (KT) syk gene. We 
observedthatieconstilutionwithwild-lype^ rediK^ 
15 ocpresdonlevdsofc^inSyKr cells, iBrf^ 

Medtoieduceo^lovd8(datanotdiown). These results impUcateSYK as a 
negativefegalatorofc:/u» expression. This novel fimction of SYK seems to 

depend on its kinase domain. 

EIIMs of « JAK-3 iriiibitor on radlatioB^duced c-J^ 

20 actlvatloninin'40<elIs,B<dl8ignaltran8doctionevail8dirert 

decisions icgardmg ceU survival during periods of oxidative str^ 

under5tandhigofthedynamicinterpl^bet«MB<dl8igi^ 

neededtodeterminehowvitaldedaonsare^Jtateddurmgi^ 

oxidation dianges. STAT proteins (signal transducera and activators of 

25 tran8cription)areafiBnilyofDNAbindmgpiote^ 

geai«hforinlBrferon(nW)»-org.«timnhrtedgenetran8cr^ There 

aiopiesonllyaevaiSTATflmilymaiaws. TheJAKfimiity 

pioteinldnasesweorigfaiallydeinonstratedtoatoofimrt^ 

andaienowtaowntopaitidpateinabioadiangeof^ 
30 cascades. Difitawtligmd^wdcellaclivrtoiaenip^^ 

ftmilyineadMn. The basic nwdel for STAT actfvatimiauggestalto 

mistimnhrtedcdU^ latent fti«s<*fSTATtfaiei»^^ 

cytopbsm. UgandWndingindncesSTATpioldnsteassodatewilhinttaee^ 
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pbospholyiosine le^doe^ of tiiBianMaibfaiib receptors. Once STATs aie bound 
toiecepton, leMptoMOSOciated JAKkiiuttesp^ STAT proteins. 

STAT protdns tiiea dimerize ftrons^ spedfic leciinocal SH2-phoq)hoiyio8ine 
irtcractionsaiidiiiay form complexes with other DNA<4>indingpr^^ STAT 
5 coiiq>lexes translocate to tiieiiudeus and interact with DNAre^nse elements 
to enhance transcription of target genes. Signaling events xegulatingapoptotic 
responses have been shown to iiliBze STAT proteins. Notably, a recent study 
demonstrated JAK activation by tyrosine phosphorylation in cells that are 
«q)osed to reactive oxygen mtamediates, whidi in-tum lead to tyrosine 

10 phosphorylation and activation of STAT-l, STAT-3 and STAT-6. 

After establidiing^ LYN, BTK. and SYK Idnases are not 

required for radiafion-indoced e^un activation, we set out to determine if c-jun 
adrvaikon u fimctibnaDy linked to the JAK-STAT pathway. To this end, we 
cxammed the efifects rfaiJAK-3 inWbitoiy novel 
15 eKpre8siontevdsiniriadia!edDT-40cell8. To identify a potent JAK-3 spedfic 
hAibitor, the effiwls of two wwd 

activifyof JAK4, JAK-2,andJAK-3 weweaomunedu^ cells fliat were 
infected widi baculoviriis eaq[Resdon vieicims to die^ 
mediods (Figure^, lafeeted cells w«c harvested, JAKs were 
2Q immunoprecq>itatedwilhapp«»priale«ilibodie8(anti4AK-l:ai^^ 
8C-277. irt*itpotydond IgG aflM^imrified, 0.1 mgtol San^ 
Biotedmologr, anli-JAK-2: (C-20)-G. cat # sc-294-G, goat polyclonal IgO 
affinity purified, 0.2 mgtol. Santa Cruz Biotechnology; anti-JAKr3: (C-21X cat 
# sc-513, rrf*it polyclonal IgG affinity purified. 0.2 mgtol, Santa Cruz 

25 BiotedmolQgy), and kinase assi^ were performed following a 1 hour exposure 
of the immmiopieeipltaled Jaks to the quinazoline compounds, as described by 

Udorn, F. M., Waddidc K. Mahqan, S^ Jim» X.. Takata, M., Bolen, J., and 
Kurosaki, T. SWeiioe. 275; IW6-100, 1996; Udorn Bvans W.E, Forsyth 
CJ,WaddiAILd,TrAMgwnI-,Caiel8tiomLJi«,Bu4^^ 
30 Oi. Sdaiee 267:886^1» 1995; andMyeBsD^, JunX^ Waddidc K.Q, 
Foi?ylhC^CIid8tiom01.0wtoILL^^^^ 
ProcNatnAcadSd OSil 92:957*.9579. 1995; and 1^ AUgieo, U Jun,X.. 
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Waddidc K. Jin. K Bolen, J. and Uckun. F. M. Leuk Lymphoma. 20: 
417-M.1996. 

As shown in Figure 4B, both compounds inhibited JAK-3 
(Figures B.3 and B.4) but not JAK-1 (Figure B.l) or JAK-2 (Figure B.2) (Figure 
5 4D).mect»phoretic Mobittty Shift Assays (EMS As) were perfonned to 

examine the effects of both compounds on cytokine-induced STAT activation. 
SpedficaUy. 32I)cnm2Rp ceUs (gift fiom James Ihle, St Jude ChUdren's 
RcsearehHospital) wereexposedatSx 10*/talinRPMIsuppto 

to the JAK-3 inhibUofS at a final concentration of 10 ngftnl in 1% DMSO) for 1 
10 hourand8ubsequentlystimulatedwithIUorE3asindicated.Censwere 

collected after 15 minutes and lesu^ded m lysis buffer (100 mM TWs-HQ pH 

8A 0^% NP-40. 10% glycerel. 100 mM EDTA. 0. 1 mM NaV03. 50 mM NaF. 

150 mM Nad. 1 mM DTT, 3 (g/ml Aprotinin. 2 g^ Pepstatm A. 1 (sfnd 

LeivcptinandO^iiiMPMSF). Lysateswerep^^ 
15 mtartes. CeUat«5t8(appioximalely 

pdfynuctootideldnase-^PIabeleddoiAlestrai^ 
n?»resenlingtflieIRF-lSTATDNA binding 8e«iuence (Santa 
Biotechnology. SantaCruz,CA), Samples were resolved by nondenatuiing 
20 PAOTandvisuaUzedbyautoradiognphy. A8ahowninKgure4a 
cempoonds inhibited fl»JAK.3Hdependent STAT act^ 
w»hE^2,butlheydidnotafifecttheJAK-lAIAK-2-dependentSTATactiv^ 
afterstimnlationwithIL-3. Compound 2 was selected for fiirtheri>q«rimeute 
designed to examine *e efifcctsof JAK-3 inhibition onnidiai^ 

25 activation. 

Aa *own in Figure 5. ionizing radiation fiuled to induce c-jun 
«qws8looinin'-40cdl8trealedwith«ie JAK.3 in^^^ 
that f AK-3 Wiibilors are capAle of i^^^ 



30 iaBnireatedcell8.c^«xp»»n<««>^^ 
DNAMlamagingdiemicdagenlaandbycocp^ 
expresslonfcaneailymaikwofceltotoresponsetosuchDNA-damaging 

ageiito. Ithasbeendiownlhatcoi^^ 
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iiAaritingtheexpw88i<mof<Hun. A<^bidmgly,JAK.3 inhibitors nay be 
to prevent or treat diseases or conditions that result from exposure to DNA^ 

damaging agmts. 

JAK-3 maps to human chromosome I9pl2-13.1. A cluster of 

5 genes encoding protooncogenes and tra^ption fiictois is also located near this 
region. JAK-3 expression has been demonstrated in mature B-cells as weU as 
B-cell precursors. JAK-3 has also been detected in leutemicB-cell precursors 
and lymphoma B-cells. The physiological roles for JAK-3 have been borne out 
throu^ targeted gene disruption stu<fieS in mice, the genetic analysis of patients 

10 wifli severe combined immunodeficiency, and biodiemical studies of JAK-3 in 
cdl lines. A wide range of stimuH result in JAK-3 activation in B-ceUs, 

including mterieuldn 7 and interteukin 4. The B-cdl marker CD40 
constitntivclyassociateswiAJAKr3andligationofCD4QiesultsinJAK^ 
activation Miri<A has been shown to be mandatory CD^^ 

15 expression. Constitntive activity of JAK-3 has been observed mv-abl 

transformed pie-B cells and exMnnnnnu p i e u ipi tal l ons dww that v-abl plqrsicaMy 
assodates wi& JAK-3 iii5»lica&ig JAK-3i in v-aM indu^ 
transformation. See Ihle, J. N. *Jann8 kmases in cytokine signalling." Phihs 
jyansRSoeI^BBiolSdm:lS9^Am;Uima^ 

20 <7tokmespecificity*AtoM«f2:968-9,19J6;Levy,D.B.'^ 

Jak/Stat bnih," Cytokine Grmvth Factor llev 8:81-90, 1997; Riedy, M.C ct aL 
•Genomic sequence, organization, and dwMnosomal localization of hunwn 

JAK-3," Genomics 37, 57-61, 1996; Sa£ford, M.G., Levenstein, M., Tsifiina. E.. 
Anun. S.. HawMns. Ai.. GriflBn. C.A., avm, CX and Small, D. -JAK-3: 
25 expression and mapping to dttomosome 19pl2-13a" fpoblished entatum appears 
ln£!9» Hemoto/ /997 J(ul;25C7):65(q. 

Toocani. A.. Rane, S. and Reddy. EP. "Stnictural ofganizatioa and dnomosomal 
mappmg of JAK-3 tecus,* Oncogene ^, 2009-14, 199«; Hbfiftnan. Lai, 
K.S., Tomfohrde, J., Bowooek, A., Ooidon, LA. and Mobtenweisei; H.W. 
30 •jAK-3nuvstohumandnomo««»l9pl2williinadastorofprotos^^ 
and transcription fiictors," GisB««to 43,109-lU.1997;Tortolam.PJ.etaL 
•adulation of JAK-3 expression and activation in human B cells and B cell 
ip.H p.imrf^t.' ' J Tnamnud I5S: S22»6. 1995; Shatfc Nh Dadi. RK, JJ. O^. 
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and Roifinan. CM. "JAK-3 activation in human lymphocyte precuisor cells," 
ain Exp Immunol 108. 552-6, 1997; Guniiak, C.B. and Berg, L J. "Murine 
JAK-3 is preferentially expressed in hematopoietic tissues and lymphocyte 
precursor cells." BhodZl, 3151-60, 1996; RolUng, C. Treton, D., Beckmann, 
5 P., Galanaud, P. and Richard. Y. "JAK-S associates with the human interleukin 4 
receptor and is tyrosine phosphorylated foUowing receptor triggering," 
Oncogene 10, 1757-61. 1995; Rolling, C, Treton. D., Pellegrini, S., Galanaud, 
P, and Richard, Y. "IL4 and IL13 receptors share die gamma c chain and activate 

STAT6, STAT3 and STAT5 proteins in normal human B cells," FEBS Lett 393, 
10 53^,l996;Hanissian,S.H.andGeha,R.S.-JAK-3isassociatedwifliCD40and 
is critical for CD40 induction of gene expression in B cgHs," Jmmunity 6, 
379-87, 1997; Danial. N.N^ Pemis, A. and Rothman. P3. "Jak-STAT signaling 
induced by die v-abl oncogene," Science 269, 1875-7, 1995. 

15 Summary 

Exposure of B-lineage lymphoid cells to ionizing radiation 

induces an elevation of C:fm protooncogene mRNA levels. This signal is 

abrogated by protein tyrosine kinase CPTK)intaT)itors,indicati^ 

of an as yet mudentified PTK is mandatory fijr tadiation-induced c:/wi 

20 expression. ExperiinenldcnddenceshqwsAatlhecytoplasn^ 

BTK.SYK and LYN are not required for fldssignaL Lymphoma B-cells 
rendered deficient forLYN.SYK or both by targeted gene disruption showed 
increased expression levels after radiation exposure, but the magnh^ 
thestimulationwaslowertiianinwild-typeceUs. Thus, these PTK may 

25 participateintiiegeneiationofanoptimalsignaL Notably, inhftitors of Janus 
family kmase 3 (JAK-3) abrogated radiation-induced cjun activation. This 
suggests that JAKs are important regulators of radiation-niduced c-Jun 
activation, and that JAK-3 inhibitors are usefid for preventing or treating 
diseases or conditions tiiat result fiom chemical-induced or radiation-induced 

30 o^aetivation. 

AU pubUeations, patotfs, and patent documents are inooiporBted 

byieferaicoheieln.a8lhotigjiiiidividuallyiiicorp^ Vm 
Invention has been dasciibed with refi»«» to various «pe^ 
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onbodiments mi tedmiques. However, it ^uld be understood diat many 
variations and modifications may be made while remaining within the spirit and 
scope of the invoition. 
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What is claimed is: 

1 . A method comprisiiig inhibiting c-jun activation in mammaUan or avian 
cells by contacting the cells with a substance that inhibits the activity of Janus 

S fiunily kinase 3 (JAK-3). 

2. The method of ctaim 1 wherein the c-jun activation resiilts from exposure 
of the cells to ara^ a topoisomerase n inhibitor, ultraviolet radiation, an 
aDgrlating agemt, or ioniang radiation. 

10 

3. Themethodof claim 1 wherem the o-jun activation results fiom exposure 
of the cells to ultiaviolet radiation or ionizing radiation. 

4. themefliodofclaimlwhereinflieoontactingisperfoimedinw^^ 

15 

5. Ttooiefliodofclaimlwherelntiieooiitactingispeffoimedwv^^ 



6. 

the exposure. 

20 

7. Tliemethodofclaim2whctdnthocoiiiactingoocprsafto 



8. Hiemetfiodofclaimlwhereinthesubstanceisaprotein. 
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9. The method of claim 1 wherein the substance is a compound of fomiula 



I: 




(D 



5 Xi8HN.RuKS.O,CHj.orR„CH; 

R,, is hjfdtogai. (C,-C4)alkyl. or (C,-C4)alkanoyU 

R,-R, aie each indepeodentty hydiogso, l^droxy, metcapto, amino, nitio, 

(C,-C4)allgi, (C,^4)aIkoxy, (C,<;4)aB^<^^ 
groups of R,4W togelher with Ihephei^ ling to 

10 optioadly fbnn a fiisedxing* for example finminga nap 

tetiahydimiaphaiyl ring; and &rther^i4ieiOT^ 

groups of R,4^ miy q)tionally be 8i*8tilnted 1, 2, 3. or 4 hydrojgr. BMH^ 
amino, nitro. (C,<;4)alkyl, (C,-C4)alkoxy. (C,-C,)alk3fWiio, or hato; and 

R, and R,, are each independently hydrogen. (C^-C^^aSkyU (C,-C4)aIkoxy, 
15 halo, or (C,-C4)aBcanoyl; or R, and R,o together are methyleoediojgr. or a 



10. The method of claim I wherein the substance is 4-(4'4iydroxylpheiiyl)- 
amino^,7-dimelhoxyquinazoline or 4-(3'-bromo-4'-hydroxylphenyl> 
20 amino^,7-dimeth«»win«»toe;oraphannaceulicallyaccepta^^^ 



11. The metfiodofclaimlixdiamn die odls are mammalian. 



12. The mediodofdnmlvAieranlfae ceils are human. 
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13. The method of claim 1 iH^iernn the cells are avian. 

14. A therapeutic method for preventiiig or treating a pathological condition 
5 in a manmial wherein c-jun activation is impUcated and inhibition of its 

activation is desired comprising adnunistering to a mammal in need of such 
therapy, an effective amount of a substance that inhibits the activity of JAK-3. 

15. Theuseofaconqwundoffomulal: 




(I) 



10 whemn 

Xis HN, R„N. S, O. CH^ or R„CH; 

R,, is hydrogen, (C,-C4)alkyl. or(C,-C4)alkanoyl; 

R,4l, are eaA uidependently hydrogen, hydroxy, mercapto, amino, nitro, 

(C,-C4)alkyl, (C,-C4)alkoxy, (C,^4)aIkyWiio. « 
15 giw^»ofR,4(5 together with the phenyl ring tow 
opiioiiaify to a ftoedring, for example finmmg an^ 
tetidqfdionai*flQ4 ring; and fiirlhflrwhM 

groups of R,-Rj may optionally be substituted by 1, 2. 3, or 4 hydroxy, meicapto. 
ammo, nino. (C,-C4)alkyl. (C,-C4)alk»xy, (C,<:4)allcyhhio. or halo; and 
20 R,andR,^aweachfadepe«!«ntfyhydiogai.(C^^ 
halo,or(C,^4)alkanoyl; orl^andRw together arp 
phanoaceutically acceptable salt tfMieof, 
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for the manufecturc ofa medicament for inhibiting the activity of Janus 
fiunily kinase 3 (JAK.-3). 



16. The use ofa conqx>und of formula I: 




5 whenan 

X is HN, R„N, S. 6, CHa» or R„CH; 
R,, is hydrogen. (C,-C4)allg^ or (C,-C4>anca«orl; 
R,-R, are eadi independently hydrogen, hydroxy, meroapto, amino, nitro, 
(C,-C4)a]kyl. (C,-C4)ancnxy, iCfC^Okymo^ ix haU« wherein two wQaoent 
10 groupsofRj-I^tc^etherwilhfliephei^ringtowhidiflieyareattachedm^ 
optionally fonn a fined ling, lbr«xampte finm^ 

tetiahydronaphlfayl ring; and fiaflier wherein the ring fimnedby&e two a^aeeot 
groups of R,4g nuy optionaUy be substituted by 1, 2. 3. or 4 lydnwy, nwic^ 
ammo, nitro, (G,-C4)alkyl, (C,-COalkoxy. (C,-C4)aIkylttiio, or halo; and 
15 R« and R,« are each hidepeDdently hydrogen, (C,-C4)alkyl. (C,-C4)aIkoxy, 

halo, or (CfC4)aIkanayl; or R, and R,* together are methylenedioxy; or a 
]diannaceutiGd^ 

^ inWW riiig ejm activation m mammalian or avian cells. 



20 17. theuieofclaiml6whereinlheH«««ctivatlonre8ult8ftom«q^^ 
tbetOk to ladialioii or to thendcal agents that canae DNA damage. 
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18, The use of claim 16 wherein the c-jun activation results torn exposure of 
the ceUs to m-C, a topoisomerase n inhibitor, ultraviolet radiation, an alkylating 
agoit, or ionizuig radiation. 

5 19. The use of claim 16 wherein the c-jun activation results from exposure of 
the cells to uttraviolet radiation or ionizuig radiation. 




10 Xi8HN.R„HS,O.CH^orR„CH; 

R,, is hydrogen. (C,<;4)«l»0^w(<^-C4y^^ 
R,-R, are each indqiendently hydrogen, hydrojqr. meicapto. amino, mtro. 
(C,<:4)alkyl, (C,-C>lkDxy. (C,-C4)aIkylthio, or halo; wherein two a^aceftt 
groups of RrR, together with the pheiqrl ring to whidi they are attached mqr 
15 optionallyf6rma&sedring,forexamplefoiminganaphthylora 
telrahydrona|*lM ling; and fhrther wherein the ring foim^ 
groups of Rj-R, may optionally be substituted by 1 , 2. 3. or 4 hydroxy, mercapto, 
amino, nitro. {C.-C^^l (C,-C4)aIkoxy. (C,<:>lkylthio. or halo; and 

R, and R,« are each independently hydrogen. (C,<:^1. (C,<:<)alkoxy. 
20 hato.or(C,-C4)alkanoyUorR,andR,otogeflieraremethylau^ 
phannaceuticany acceptable saft thereof fe«8eh»n»«fic«l 
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21. The comixiundofclaim 20 wherein the tfae^ 
padx>k>gical o(XKfitl<m in a iniuiiniat 

22. The compound of claim 21 who^ein the pathological condition is tissue 
5 damage, oigan damage, in£lanmi8tion.hw loss, or die negative effects tii^ 

produced by oxygoi fiee radicals during chembtimapy. 



10 



23. The compound of claim 22 wherdn the organ is the heart, liver, or 
kidney. 
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I. Basis of the report 

1 . This report has been drawn on the basis of {subsfitute sheets which have been furnished to the receiving Office in 
response to an invitation under Artide 14 are referred to in this report as 'originally filed' and are not annexed to 
the report since they do not contain amencknents.): 

Description, pages: 



1-28 as originally f iled 
Claims, No.: 

9-17 as originally filed 

18-25 with telefax of 31/01/2000 

1-8 wMh telefax of 15/08/2000 

Drawings, sheets: 

1-5 as originally filed 



2. The amendments have resulted in the cancellation of: 

□ the description. pages: 

□ the claims, Nos.: 

□ thedrawings, sheets: 

3. □ This report has been established as If (some oO the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. AdGPUonal ob8en«tions,ifnecessaiy: 



IIL Non-establishment of opinion with regard to novelty, Inventive step and industrial appliealiility 

The questions whether the claimed Invention appeare to be novel, to Involve an inventive step (to be non-obvious), 
or to be Industrially applicable have not been examined in respect of: 



□ the entire intemationalappncalion. 
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la clabnsNos. 1-3,5*14. 
because: 

B the said international application, or the said clainis Nos, 1-3,5-14 relate to the following subject matter which 
does not require an international preliminafy exannination (specif)^: 

see separate sheet 

□ the descr«>tion, claims or drawings {indicate particular elemBnts betow) or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specf]^: 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be fomied. 

□ no international search report has been established for the ssdd claims Nos. . 

V, Reasoiied statement under Article 35(2) wtth regard to nov^^^ 
applicability; cHatioiis and axplanations supporting such slaCement 



1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



2,3.5,6.9-25 
1.4.7A11-14 



Inventive Step (iS) 



Yes: 
No: 



Claims 
dalrns 



2«3.S.6^25 
1.4.7A11-14 



Industrfol applicability (lA) Yes: 

No: 



Claims 
Claims 



1-25 



2. Citations and explanations 
see separate slieet 
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VL Certain documents cKed 

1 . Certain published documents (Rule 70.10) 
and /or 

2. Non-written disclosures (Rule 70.9) 
see separate stieet 
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SECTION III 

1 ) . Claims 1 -4 and 6-1 4 relate to subject-matter considered by this Authority to be 

covered by the provisions of Rule 67.1 (Iv) POT. Consequently, no opinion wlH be 
fomiulated with respect to the industrial applicability of the subject-matter of these 
claims (Article 34(4)(a)(i) PCT). 

SECTION V 

2) . The following documents (01 -03) are referred to in this International Preliminary 

Examination Report IPER); the numbering results from the order of citations found 
in the Search Report and it will be adhered to in the rest of the procedure. It will 
be made reference to the cited passage(s) for each citation unless 
otherwise specified. 

3) . a) The subject matter of claims 1, 4, 7, 8, 11-14 lacks novelty over 01 and 02 (Art. 

33(3) PCT). 

A method of inhibiting JAK-3 is already known from 02. The fact that 02 does not 
explicitely mention that said JAK-3 inhibitors, in fact, also inhibit the c-jun 
activation does rK>t necessarily mean that it is not the case. The IPEA has the 
feeling that the Applicant has just discovered the mechanism by which the said 
JAK-3 inhibitors operate. However, a method of inhibiting JAK-3 is already known. 

b) The remaining claims 2. 3. 5. 6 and 9-23 appear to be FORMALLY novel over 
01-03 (Alt 33(3) PCT). 02 does not mention thei exposure to these various 
agents in relation ¥vith JAK-3 inhibitkm. The derivatives of claims 20-25 are 
already known but none of 01-03 reports saM therapeutteal use. 

4) . As daim 2 is not related to cytokines regulation but to exposure to various agents 

such as ara-C. topoisomerase 11 inhibitor etc., the skilled man was unable to 
derive from 02 alone or in combination wHh any of 01 or Oar, the present method. 
The subject matter of claims 2, 3, 5, 6 and 9-25 appear to involve an Inventive 
step over 01-03 (Art 33(3) PCT). 

5) . For the assessment of the present claims 1 -4 and 6-1 4 on the question whether 

they are industrially applicable, no unified criteria exist in the PCT Contracting 
States. 
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This patentability can also be dependent upon the fomiulation of the claims. The 
EPO. for example, does not recognize as industrially applicable the subject-matter 
of claims to the use of a compound in medical treatment, but may allow, however, 
claims to a known compound for first use in medical treatment and the use of such 
a compound for the manufacture of a medicament for a new medical treatment. 

SECTION VI 

6). Although J. Biol. Chem (1998). vol.273, p.17742-48 does not constitute prior art 
within the meaning of R. 64.1 (b) PCT, it appears to disclose all the features of 
claims 1-25. 



:i5- 8- O : SasO*: 6120829081^ 89 . i i<i nftOQlvioor. 

15O8-2000«l i GOJlt (TJE) t IS' 00 16:09/3T. IMm. 42603 "f.JT^'^^ 

What is claimed is: 



1. A method comprijiing iidubiting c-jun activattoii iii maminaUan or avian ceils 
by contacting iht cells with a substance that inhibits tbe activity of Janus family 
kinase 3 (JAK.3). 

2. The method of claim 1 t^Aewsinflie c-jun activation results 

Uw CCDs to ara>C, a topoisonerese H inhibitor, ultraviolet tadiation, an alkylating 
agen^ ionizing radiation. 

3. ■n^'mediodofdaiinlwhcnanlhec^unactfvadoniesttto 
Ae cells to ulhsviotot mdiatiQa or ionmi\gndiation. 

4. The method of claim I wherein (he contacting is perfonued In vUn. 

5. Tie medMd of claim I whereinihe contacting is pedbnncd In vivo. 

6. Themcthodofclaim2wh«rwntheoontactii«oociir8priortofliecx^ 

7. "nicnwfliodofslalm 2 wherein fhecanlaclii«oociTO 
«. ^ttM&odofdlatrol^tlMrdniihosidMta^ 
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agent, or ionmng radiation. 

19. Tbenseofclaiml^whcreinlhcc-junactivaticmie^ 
flie ceUs to ultraviolet radiation or ionizing ratf ation. 



20. 



The use of a compound of formula I: 




^Rdieidn 

10 XisHN.R,|N,S,O.CHa»orR,»Cft 

B,, ishydtogen.(C,X:jaIkyl.or(C.-CJalkaiioyli 
I^-R. ar6eadiindeiHaidentlyh3fdrogeo.lq^ 
(C^Jalkyl. (C,^JaDaay, (C.-C^ttyttWo. or halo; wherein two adjacent 
gioupsofRrR5tog«fl«ri»rilhAaph«^xi^to^eht^ 
,15 optionanyfonnafiisedrinftforexaiivlefonninganMi^ 
tetrahydnnMptahylting; and fiirfliaM^tfioring 

groups of KriW may optional^ ^ 

amino, mlio, (C,-C.)alkyl, (C,^.)alto»xy. (C^^^ttyWao. orhaloi and 
R,andR,.,arecachindq>endentlyhydiogen.(C,^:j^^ 
20 halc,or(Q-C.)alkanoyl;orR,andR»,togeth6rartmethyl^ 

pbaimaceuticaUy acceptable salt mcreo^ fot^iemanuihclntcof amediaffliait 
totiealing or preventine tissue damage, organ damage, infl^^ 
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or the negative effects that are ptodiiccd by oxygea fice ladicals during 
chemotherapy. 

21. Tbeu9eofclaim20v*erebi<he««ani8&eheart,liv^^ 

22. theuseofaamqEWundoffonnnlat 



10 




0) 



X isHN. RttH S. O, CHa. otRmCH; 

Ri-R, arc each indepi»den^ hydroged. Iqfdioxy. meucapto. amhiD. mtio. 
(C,^Jalkyl, (C^-CJaltoxy, (CrCJilkytlWd, orldo; whetdatwo a^accnt 
groups of RrR5 together wWi&epbeiQ4 ring to vfWdl^ a» attachedmior 
optionaUyftmn afiisedring. fiw example « » 

tetidiydroi«5»hthylriiig;aiidforther.wbei^^ 
15 groupsofRrl^««iayoptionallybe8ubstitatedbylA3.or4hydro^ 

mnhio, ailio. (C,-C^U (C»-C^ancoxy, (C,<:Oal^^^^ 

■r» and R., are eadi iiidq)endeatly hydrogen. (C,-C>Ikyi. (C,-CJalkoxy, 
hate.«(C»-C>toiioyl;orI^aiidR,oiogefl^ 
pha«mac«rtieanyaeceptAto.aha«eof,^ 
20 for treating orptweoliiigamydotrophicli^ 



31/1 too ass IB: 
:14 FAX 



Msao; Pa«ln* iO 
lOBS 
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23 Theu8eofclaiml5,l6.20.21.or22wheremRrlt,3rccacb 
i„dependenUyhydn>gco..e«^to,a«U«>.n^^^ 
(C,-C4)alkyWl»io. orhalogon. 

i,.,^Uyhydrog»n.(C.^0.11.yUl«to.or(C.-CJ.l^^ 
together are methyleaedioxy 

as Theuseofclahnl5,l6.20,21.or22wl^T,1hccoin^ 
10 feaniaaIisM4'4.yd«>xyl0«nyl)-a«u^ 

phamiaceolicany acceptable 8t4^<b?ceol 
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